Calcyphosine (CAPS), a calcium-binding protein, has been identified as a potential diagnostic and prognostic biomarker in several human carcinomas. However, little is known about CAPS in esophageal squamous cell carcinoma (ESCC). The present study aimed to investigate the expression levels of CAPS in ESCC tissues and evaluate its clinicopathological significance. Reverse transcription-quantitative polymerase chain reaction and immunohistochemical staining were conducted to detect the expression of CAPS in ESCC tissues and adjacent non-cancerous tissues. ESCC samples exhibited higher levels of CAPS mRNA than paired non-cancerous samples (P=0.0015), and the mRNA level of CAPS was positively associated with histological grade (P=0.0013) and tumor invasion depth (P=0.0206). In addition, Kaplan-Meier survival analysis revealed that patients with high CAPS expression experienced significantly shorter 5-year overall survival times than those with low CAPS expression (P=0.0112). Multivariate analysis demonstrated that CAPS protein expression was an independent prognostic biomarker for patients with ESCC. In conclusion, the findings of the present study demonstrated that CAPS may represent a novel diagnostic indicator and an independent prognostic biomarker in ESCC.
Introduction
Esophageal cancer is the eighth most common cancer and the sixthleading cause of cancer-associated mortality worldwide (1) . Approximately 70% of global esophageal cancer cases occur in China, with esophageal squamous cell carcinoma (ESCC) accounting for the vast majority of cases (>90%) (2) . Currently, multi-modality treatment improves the quality of life and prolongs the survival time of patients with ESCC. However, the 5-year survival rate remains poor owing to the limited clinical opportunities for the early diagnosis and treatment of ESCC. Therefore, there is an urgent requirement to pursue novel diagnostic indicators, prognostic biomarkers, therapeutic targets and therapeutic approaches for ESCC treatment.
Calcyphosine (CAPS), a Ca 2+ -binding protein, was initially isolated from the canine thyroid cDNA library as a substrate that can be phosphorylated by protein kinase A in a Cyclic adenosine monophosphate (cAMP)-dependent manner (3, 4) . CAPS was also detected in humans and other mammals such as cows and rabbits, and even in certain invertebrates, such as sponges; however, it was determined to be absent from mice and five other rodents (5) (6) (7) . To date, three subtypes of CAPS shave been reported: Type-I CAPS, type-II CAPS and CAPS 2. A previous study revealed that type-I CAPS may be specific to mammals, type-II CAPS widely exists in metazoan speciesand CAPS 2 is unique to human beings (8) . The synthesis and phosphorylation of type-I CAPS are upregulated by thyrotropin and cyclic AMP analogues that can promote cell proliferation and maintain expression of the differentiated thyrocyte phenotype, and are downregulated by 12-O-tetradecanoylphorbol-13-acetate (TPA) and epidermal growth factor, which repress cell differentiation (9) . As a member of the EF hand motif family, CAPS contains four EF-hand domains for calcium binding (10) . Although the exact function of CAPS remains unclear, its Ca 2+ -binding phosphorylatory abilities may implicate it in cross-signaling between calcium-phosphatidylinostitol and cAMP cascades (11) .
In recent years, attention has been drawn to the associations between CAPS protein expression and various diseases, including certain types of cancer. For example, CAPS was significantly down regulated in the bronchoalveolar lavage fluid of sulfur mustard-exposed patients when compared with healthy controls (12) . Previous studies also showed that CAPS was overexpressed in ovarian cancer (13) , ependymoma (14) , endometrial cancer (15) , lung cancer (16) and colorectal cancer (17) . Another previous study revealed that CAPS promoted cancer progression and may be a prognostic indicator in colorectal cancer patients (17) . However, the expression and role of CAPS in ESCC require further investigation. The present study investigated CAPS expression in ESCC tumor tissues, and examined the association between CAPS expression, clinicopathological features and survival outcomes for patients with ESCC. To the best of our knowledge, this is the first study of the clinical relevance of CAPS in ESCC to date.
Materials and methods
Ethics statement. This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University (Zhangzhou, China) and written informed consent was obtained from each patient involved in the present study.
Tumor samples. A total of 104 fresh samples of tumor tissues were immediately harvested from patients (40 women, 64 men; mean age, 62.36 years and range 42-80 years) with ESCC who underwent surgical resections between November 2013 and January 2015 in the Department of Thoracic Surgery, the First Affiliated Hospital of Zhengzhou University. None of the patients had received preoperative chemotherapy or radiotherapy. Tumor tissue samples were obtained from operative specimens, washed twice with PBS and maintained in RNA wait (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) at -80˚C until the time of analysis, following evaluation by a pathologist. Clinical and pathological characteristics were obtained from clinical database and pathology records. A total of 64 formalin-fixed paraffin-embedded ESCC tissues and 4 corresponding adjacent non-cancerous tissues with available follow-up information were obtained from the Department of Pathology, the First Affiliated Hospital of Zhengzhou University between October 2008 and December 2010, and were used for immunohistochemical analysis. The clinicopathological features were analyzed according to age, gender, tumor invasion depth, histological grade, lymph node metastasis and Tumor-Node-Metastasis (TNM) stage (18) .
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Total RNA was extracted from ESCC tissue specimens using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's instructions. First-strand cDNA was synthesized from 1 µg of total RNA using the Revert Aid First Strand c-DNA Synthesis kit (Fermentas; Thermo Fisher Scientific, Inc., Pittsburg, PA, USA). Briefly, 1 µg total RNA samples were incubated at 42˚C with 2 µl 5X gDNA eraser buffer, 1 µl gDNA eraser and RNase-free dH 2 O for 2 min, then the enzyme mix was added and the solution was incubated at 37˚C for 15 min. The CAPS mRNA levels were quantified in duplicate using a Stratagene Mx3005P (Agilent Technologies, Santa Clara, California, USA). The Premix Tap kit (Takara Bio, Inc., Otsu, Japan) was used to perform the qPCR reaction according to the manufacturer's instruction; GAPDH was used as a loading control. PCR thermocycling conditions were as follows: Incubation at 95˚C for 2 min followed by 40 cycles of denaturation at 96˚C for 15 sec and annealing at 60˚C for 1 min. Eachsample was obtained from three independent experiments and used for analysis of relative mRNA expression normalized by GAPD Husing the 2 -ΔΔCq method (19) . The synthetic primers for CAPS and GAPDH were obtained from Sangon Biotech (Shanghai, China) and the primers sequences are shown in Table I. CAPS staining. For CAPS staining, 4-mm sections of formalin-fixed paraffin embedded tissues were cut and stained. The slides were heated in an oven at 65˚C for 30 min, deparaffinized in dimethyl benzene for 5 min twice, rehydrated in graded alcohol (100, 100, 95, 95, 70, 70, 50 then 50%) for 5 min each in turn and washed with TBST. Following antigen retrieval, antigenicity was performed by heating the tissue in citrate buffer; tissues were then blocked with 3% H 2 O 2 for 30 min at room temperature followed by incubation with 10% goat serum (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) for another 30 min at room temperature. Samples were then incubated with CAPS primary antibody (cat. no. ab186741, 1:200 dilution; Abcam, Cambridge, UK) in dark box at 4˚C overnight, followed by treatment with secondary antibody (cat. no. sc2040; IgG-B, 1:200 dilution; Santa Cruz Biotechnology, Inc.) for 15 min at 37˚C. For the negative control, samples were incubated with PBS instead of specific antibody. Following washing with PBS 4 times, the sections were incubated with biotinylated horseradish peroxidase-labeled streptavidin (Origene Technologies, Inc., Beijing, China) at 4˚C overnight. The reaction was visualized with 3,3-diaminobenzidine (DAB; Origene Technologies, Inc.) as a peroxidase substrate and the sections were counter-stained with Meyer's hematoxylin at room temperature for 3 min. The slides were visualized using a bright-field light microscope, and at least 5 consecutive non-overlapping fields were viewed (magnification, x200). The detection of nuclear and/or cytoplasmic staining in any percentage of tumor cells was considered positive. Complete absence of staining was considered as negative for CAPS. Immunostaining was scored by two independent pathologists according to the immunoreactive score (IRS). The proportion of positive tumor cells examined was scored as 0 (no positive tumor cells), 1 (1-40%), 2 (41-75%) or 3 (>75%). Staining intensity was scored as 0 (no staining), 1 (week staining), 2 (intermediate staining) or 3 (strong staining). The stain signal was evaluated by the multiplication values (IRS) of the two scores.
Statistical analysis. Data are expressed as the mean ± standard error of the mean. Statistical analyses were performed using SPSS 22.0 software (IBM Corp., Armonk, NY, USA) and the GraphPad Prism 5.0 software package (GraphPad Software, Inc., La Jolla, CA, USA). A paired t-test was applied to compare the difference in CAPS expression between tumor tissues and 
Results
CAPS mRNA level is up regulated in esophageal squamous cell cancer. The level of CAPS mRNA was upregulated in ESCC tissues. The mRNA levels of CAPS in ESCC tissues were significantly higher than those in adjacent non-cancerous tissues (P=0.0015; Fig. 1A ). In addition, CAPS mRNA levels were significantly elevated in samples of low histological grade compared with those of high histological grade (P=0.0013; Fig. 1B) . Similarly, a positive association was also detected between CAPS mRNA levels and tumor invasion (P=0.0206; Fig. 1C ).
Association between CAPS mRNA levels and clinicopathological parameters of ESCC patients. To evaluate the association between CAPS mRNA levels and clinicopathological parameters, all patients were classified as belonging to either high (cancer/normal ratio ≥2) or low (cancer/normal ratio <2) CAPS expression groups according to the ratio of cancer tissue expression to adjacent non-cancerous tissue expression. The association between CAPS mRNA levels and patients' clinicopathological parameters is shown in Table II . The results of this analysis revealed that the level of CAPS mRNA in ESCC tissues was significantly associated with tumor invasion depth (P=0.018) and histological grade (P=0.017). However, no association was found between the CAPS mRNA level and other clinicopathological parameters, including gender, age, lymph node metastasis and TNM stage.
High CAPS protein expression in ESCC tissue is associated with poor overall survival. CAPS protein expression was further analyzed in 64 ESCC tissues and 4 corresponding adjacent non-cancerous tissues. The results of this analysis revealed that immunohistochemical staining of CAPS was predominantly observed in the cytoplasm of cancer tissues, whereas no or weak staining was found in adjacent non-cancerous tissues ( Fig. 2A) . The median score of tissue CAPS staining (2.5) was used as the cutoff value to divide all patients into the low CAPS expression group (n=29; Fig. 2B ) and the high CAPS expression group (n=35; Fig. 2C ). The prognostic value of CAPS expression was assessed in patients with ESCC using the Kaplan-Meier method and log-rank test. Results demonstrated that high CAPS expression was significantly associated with poorer overall survival (P=0.0112; Fig. 3 ).
Tissue CAPS is an independent prognostic biomarker for ESCC. Univariate and multivariate analysis was conducted Table II . Association of CAPS mRNA levels with clinicopathological parameters. I/II  71  38  33  III  33  13  20 CAPS, calcyphosine; TNM, tumor-node-metastasis. (Table III) .
CAPS expression
----------------------------------------------------------------------- Clinical
Discussion
In the present study, RT-qPCR revealed that CAPS mRNA expression appeared to be frequently upregulated in ESCC tissues (Fig. 1A) ; the corresponding CAPS protein overexpression was also confirmed by immunohistochemical staining (Fig. 2C) . To the best of our knowledge, this is the first study to demonstrate the expression profile of CAPS in ESCC. CAPS was initially identified in the canine thyroid cDNA library (3), followed by detection in certain mammals, including humans (5), cows and rabbits (6); however, it is absent from mice and five other rodents (7) . A previous study revealed that the CAPS gene, consisting of 189 amino acids, is located at the p13.3 region of chromosome 19 in humans (5) .
Recently, attention has been directed to the association between CAPS and certain types of carcinoma. Similar to the observations of the present study, CAPS overexpressionhas been found in a range of cancer types, including ovarian cancer (20) , ependymoma (14) , endometrial cancer (15), lung cancer (16) and colorectal cancer (17) . In a study concerning lung cancer and chronic obstructive pulmonary disease (COPD), upregulated CAPS expression was detected in lung cancer and lung cancer with COPD groups when compared with the control group, indicating that CAPS may serve as a biomarker fora lung cancer diagnosis (16) . Esophageal cancer is one of the most aggressive cancer types worldwide owing to a lack of early typical symptoms and effective non-invasive diagnostic methods (21) . Despite the efforts to improve diagnostic methods and therapeutic approaches, the quality of life and overall survival time for patients with ESCC is far from satisfactory. Therefore, the identification of novel biomarkers for assisting the diagnosis and predicting the prognosis of patients with ESCC is urgently required. In recent years, substantial attention has been been paid to the identification of biomarker targets, such as p53 (22) and heat shock protein 70 (23) . A previous study showed that CAPS overexpression was significantly associated with histological grade in endometrial cancer (24) . Another study demonstrated that CAPS could be a novel diagnostic biomarker for patients with colorectal cancer. CAPS overexpression was positively associated with various clinicopathological parameters, including histological grade, tumor invasion, lymph node metastasis, TNM stage and distant metastasis (17) . As a result, we hypothesized that the association between CAPS expression and clinicopathological parameters is cancer type-dependent. The present study examined CAPS mRNA levels in human ESCC tissues using RT-qPCR, and to the best of our knowledge, for the first time, demonstrated that CAPS mRNA expression was significantly associated with tumor invasion and histological grade in ESCC ( Fig. 1B and C ; Table II ). These results indicated that CAPS may have a role in promoting ESCC progression.
Studies concerning ovarian cancer revealed that CAPS was overexpressed in tumor tissues compared with healthy tissue (20) , and could be a predictive marker for patients with favorable tumor biology and sensitivity to treatment (13) . Survival analysis has indicated that CAPS is a potential survival predictor in breast cancer patients receiving adjuvant tamoxifen (25) . Previous studies also revealed that CAPS was an independent prognostic factor for endometrial Table III . Cox proportional hazards regression model analysis of prognostic factors.
Univariate analysis
Multivariate analysis cancer patients (15, 24) and colorectal cancer patients (17) . Therefore, we hypothesized that CAPS might be a prognostic biomarker for patients with different types of cancer. To verify this hypothesis in patients with ESCC, CAPS protein expression was detected in ESCC tissues viaimmunohistochemical staining. Results showed that 35 out of 64 tumors (54.69%) exhibited high CAPS expression, whereas 29 (45.31%) exhibited low CAPS expression. Kaplan-Meier analysis and the log-rank test found that ESCC patients with high CAPS expression exhibited poorer overall survival rates compared with those patients with low CAPS expression ( Fig. 3 ). Univariate and multivariate analysis revealed that CAPS expression was an independent survival predictor for ESCC (Table III) . CAPS is involved in several types of malignant tumors. However, the molecular mechanism of CAPS function remains elusive. As a Ca 2+ -binding protein, CAPS may mediate its oncogenic effects through Ca 2+ signaling, participating in several cellular processes, such as cell proliferation and apoptosis. Previous studies reported that alterations to intracellular Ca 2+ homeostasis had a crucial role in cancer development. In a study concerning prostate cancer, data revealed that transient receptor potential cation channel subfamily V member 6-dependent Ca 2+ influx contributed to prostate cancer development by enhancing proliferation of tumor cells and protecting them from apoptosis (26). Other studies demonstrated that higher plasma membrane channel expression and Ca 2+ influx were associated with increased proliferation and tumor cell migration (27, 28) . Therefore, we hypothesized that CAPS may promote tumorigenesis and tumor progression by disturbing intracellular Ca 2+ homeostasis. Aprevious study reported that CAPS was phosphorylated and upregulated in response to thyrotropin and the cAMP cascade, and down regulated by TPA and epidermal growth factor (9) . CAPS may also contribute to tumorigenesis and tumor progression through crosstalk between cAMP and EGF signals. cAMP has a vital role in the proliferation of numerous cell types (29, 30) . Compared with normal cells, lower cAMP concentrations were found in certain tumor cells, which revealed that cAM Phas a negative role in cell proliferation (30) . Additionally, intracellular cAMP levels were reported to be associated with the metastatic ability of tumor cells (31, 32) . Epidermal growth factor signaling has been well studied with regards to controlling cell proliferation, differentiation and migration (33) . Although the aforementioned signaling pathways may contribute to CAPS function in ESCC, further studies are required to clarify the exact molecular mechanism.
To the best of our knowledge, the present study demonstrated for the first time that CAPS mRNA and protein expression levels were upregulated in human ESCC. High CAPS expression was associated with histological grade and tumor invasion depth. The overall survival time of patients with high CAPS expression was significantly shorter than that of patients with low CAPS expression. These results indicate that CAPS could be a novel diagnostic indicator and an independent prognostic biomarker in ESCC. Combining the pathological diagnosis with assessment of CAPS expression levels may aid the diagnosis and predict the prognosis of patients with ESCC.
